ABSTRACT A method for the isolation and culture of epididymal e ithelial cells obtained from pubertal and old adult rats is d red. This method permits the establishment of primary cultures of these cells in monolayers from aggregates isolated from whole epididymides and major epididymal anatomical segments (caput, corpus, and cauda) after trypsin and collagenase digestions. A large number of cultured epididymal cells retain a differentiated function as demonstrated by the immunocytochemical and radioimmunoassay finding of acidic epididymal glycoprotein, a spermatozoa-coating protein secreted by the principal cells of rat epididymis. The proliferative tential of cultured epididymal cells obtained from pubertal an old adult donors can be documented by [3H]thymidine labeling and mitotic indices without significant loss of gene expression for acidic epididymal glycoprotein.
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Results of this study demonstrate that epididymal epithelial cells, consisting of a predominant population of principal cells, can be isolated, cultured, and maintained for up to 3 months.
Knowledge of the factors that regulate epididymal epithelial cell function is relevant to the understanding of post-testicular events related to male fertility. There is general agreement that the highly convoluted epididymal duct provides an appropriate environment for spermatozoa maturation and survival. Experimental evidence has been presented in support of the androgen dependency of the epididymis. In fact, androgen withdrawal results in regressional changes of the epididymal epithelium (1) (2) (3) and in a rapid loss of spermatozoa viability within a few days (4, 5).
Androgen-binding protein, a secretory product of testicular Sertoli cells, is transported to the epididymis via testicular fluid in the form of an androgen-protein complex (6) . It has been proposed that androgen-binding protein provides an adequate concentration of androgens (7) required for the maintenance of epididymal structure and function (8, 9) .
Evidence has also been presented suggesting that secretory proteins released by the epididymal epithelium into the lumen of the duct contribute, together with cyclic nucleotide metabolic factors, to the acquisition of spermatozoa motility (10) and to spermatozoa surface modifications (11) as the male gamete traverses diverse anatomical segments of the mammalian epididymis. For instance, bovine forward motility protein, a protein present in epididymal and seminal fluids, is involved in the initiation of spermatozoa motility (12) . Furthermore, acidic epididymal glycoprotein, an androgen-dependent secretory product originating in the principal cells of the rat caput and corpus epididymis, binds to spermatozoa as they pass through the caput (13) . Other rat epididymal glycoproteins have been identified as components of the spermatozoa plasmalemma (14) . To elucidate the function of the epididymal epithelium in particular, efforts have been directed toward: (i) development of methods for separation of homogeneous populations of viable epididymal cells (including epithelial cells) by using unit gravity sedimentation techniques (15) (16) (17) (18) and (ii) development of primary cultures of epididymal epithelial cells. In this paper, we report a procedure for the isolation and culture of rat epididymal epithelial cells. The predominant cell type present in cultures of these cells has been characterized by immunoperoxidase and radioimmunoassay techniques using a specific antiserum to acidic epididymal glycoprotein.
MATERIALS AND METHODS
Isolation and Culture of Rat Epididymal Epithelial Cells. The procedure is summarized in Fig. 1 . Epididymal epithelial cells were isolated from epididymides of 20-to 22-day-and 20-month-old rats (Charles River Breeding Laboratories). Epididymides were dissected free of fat and connective tissue under sterile conditions in Hanks' balanced salt solution. Whole epididymides and epididymal segments [caput, zones 1-3 according to the Reid and Cleland classification (19) ; corpus, zone 4 and the proximal part of zone 5; and cauda, distal part of zone 5 25-cm2 tissue culture flasks at a cell density of 1 x 104 cells per ml and incubated in a humidified COJ air incubator at 320C.
An additional procedure which prevents the possible contamination of the primary cultures with fibroblasts and smooth muscle cells can be carried out. The plated sample is allowed to settle in the tissue culture flasks for about [8] [9] [10] [11] [12] exclusion after incubation of the sample in 0.4% trypan blue for 5 min at 320C.
Acidic Epididymal Glycoprotein Immunocytochemistry and Radioimmunoassay. The presence of acidic epididymal glycoprotein in cultured epididymal epithelial cells and its secretion into the medium were studied by immunocytochemistry and radioimmunoassay, respectively. Acidic epididymal glycoprotein was purified from rat epididymides as described (13) . Antibody to acidic epididymal glycoprotein was raised in rabbits and purified by affinity chromatography on acidic epididymal glycoprotein-Sepharose. Purified acidic epididymal glycoprotein was labeled with "2I according to the chloramine-T method (21) and the radioimmunoassay of medium samples was as described by Robyn et al. (22) with the double-antibody technique. Immunocytochemical localization of acidic epididymal glycoprotein in epididymal epithelial cells cultured on glass coverslips was carried out by the unlabeled antibody/enzymebridge technique (23) . The specificity of acidic epididymal glycoprotein immunocytochemical staining was determined by the following criteria (c~f. ref. 24) . "Method specificity" was evaluated by staining epididymal epithelial cells with increasing dilutions of anti-acidic epididymal glycoprotein antiserum. Optimal staining was obtained with dilutions (1:1000 to 1:10,000) of the primary antiserum. Because no staining was observed at higher dilutions (more than 1:100,000) it was possible to conclude that peroxidase staining depended on the acidic epididymal glycoprotein antiserum and not on subsequent reagents or on endogenous peroxidase activity. As an indication of antibody specificity, staining was eliminated when acidic epididymal glycoprotein antiserum was absorbed by preincubation with purified AEG or epididymis cytosol. The immunoperoxidase staining technique for cultured cells has been described (25) . The standard curve of acidic epididymal glycoprotein-radioimmunoassay is illustrated in Fig. 2 .
RESULTS

Growth Pattern of Epididymal Epithelial Cells in Cultures.
Epididymal epithelial cells isolated from either the whole epididymis or from caput, corpus, and cauda epididymis of 20- (Fig. 3a) . Within 29 hr in culture in supplemented Eagle's medium, epididymal epithelial cells attached to the substrate and gradually adopted a flattened configuration while arranging themselves into a colony-like growth pattern (Fig. 3b) . At 48 hr after plating, nearly 80% of the cell colonies displayed a typical epithelial appearance defined by tightly packed, polygonal cells (Fig. 3d) . DNA synthesis and mitotic activity were readily apparent at this time of culture (Fig. 4) . In general, the mitotic index of cultured epididymal epithelial cells isolated from 20 Most epididymal epithelial cells observed by phase-contrast microscopy displayed abundant cytoplasmic granules and vacuoles surrounding a spheric nucleus with a large nucleolus (Fig.  3 c, d , and e). A few binucleated cells could be observed in the preparations (Fig. 3e) . The presence of cytoplasmic vacuoles in epididymal epithelial cells is consistent with the remarkable development of Golgi and endoplasmic reticulum cisternae observed in transmission electron micrographs (26) and with the synthesis and secretion of proteins as detected by gel electrophoresis of cell and medium samples (27) .
As time progressed, epididymal epithelial cells located at the periphery of the aggregates became flattened and continued their migratory activity as they proliferated and underwent hypertrophy to form a typical monolayer configuration. Approximately 5-7 days after plating, epididymal epithelial cells reached confluency and maximal cell number (Fig. 5) 22 -day-and 20-month old rats were studied. Immunoperoxidase staining in the form of discrete clustered granules showed that acidic epididymal glycoprotein was localized in the cytoplasmic region adjacent to the nucleus (Fig. 6a) . Acidic epididymal glycoprotein immunoreactivity was detected in about 80% of cultured epididymal epithelial cells isolated from caput epididymis. A similar pattern was observed in the principal cells lining the lumen of the ductus epididymis at about the middle portion of the caput (Fig. 6b) A considera culture method epididymal du( cell function without possible contributions of nonepithelial tissues. Thus far, in vitro experiments have been concemned with the isolation of epididymal epithelial cells by unit gravity sedimentation to study the physiology of these cells (15) (16) (17) (18) and with the organ culture of isolated epididymal segments from sexually mature animals (29) (38) . There is general agreement that clear, apical, basal, and halo cells represent a lesser promple cell isolation technique based on the conportion of the total cell population of the epididymal epithelium F two proteolytic enzymes, trypsin and collagenof the sexually mature rat. These cells are involved in absorptive developed in our laboratory for the culture of rat [clear cells (38) Because the principal cells have been shown to synthesize and secrete acidic epididymal glycoprotein (13) and this cell type predominates in the rat epididymal epithelium, it was thought that a specific acidic epididymal glycoprotein antiserum could be utilized for immunocytochemical characterization of cells present in primary cultures established from whole epididymides or major anatomical segments of pubertal and old adult rats. The use of pubertal rats was based on the observation that the pubertal rat epididymal epithelium is active in the secretion of glycerylphosphorylcholine and sialic acid (42) , two products associated with the functional maturation of the epididymis (43, 44) [3H]Thymidine-labeled cells exhibit structural characteristics similar to those observed in acidic epididymal glycoprotein immunoreactive epididymal epithelial cells. This correlative evidence leads to the conclusion that cultured epididymal epithelial cells established from both pubertal and adult rats can proliferate while retaining their capability to produce and secrete acidic epididymal glycoprotein. This proliferative behavior of cultured epididymal epithelial cells is in agreement with Clermont and Flannery's (45) autoradiographic results, but it is in contrast with their observation of a decline in the replicative activity in vivo with increasing age. Epididymal epithelial cells from mature rats apparently maintain the capacity to proliferate. When placed into primary culture they are released from some type of in situ inhibition or revert to an earlier stage of differentiation (34) .
